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We report about the multiwavelength campaign on the Narrow-Line Seyfert 1 (NLS1) Galaxy PMN J0948+0022
(z = 0.5846) performed in 2010 July-September and triggered by high activity as measured by Fermi/LAT.
The peak luminosity in the 0.1 − 100 GeV energy band exceeded, for the first time in this type of source, the
value of 1048 erg/s, a level comparable to the most powerful blazars. The comparison of the spectral energy
distribution of the NLS1 PMN J0948+0022 with that of a typical blazar – like 3C 273 – shows that the power
emitted at gamma rays is extreme.
1. INTRODUCTION
Narrow-Line Seyfert 1 Galaxies (NLS1s) make a
very peculiar class of active galactic nuclei (AGN).
They were discovered in eighties (see [27] for a recent
review) because of their difference in the optical spec-
tra with respect to the classical Seyfert active nuclei.
Basically, the full-width half maximum (FWHM) of
their broad permitted emission lines (e.g. Hβ) has
values smaller than those of Seyfert 1s, with a drop
in the distribution of the values of FWHM(Hβ) above
∼ 2000 km/s. These “narrower” broad-lines – yes,
it is an oxymoron! – are not due to some obscura-
tion, as indicated by the detection of the FeII bump
in the optical spectra of NLS1s. The FeII bump is
an indicator of the direct view of the broad-line re-
gion (BLR), because it is observed only in Seyfert 1s
and not in Seyfert 2s (e.g. [3]). Among the typical
characteristics of NLS1s, the most interesting are the
relatively low mass of the central spacetime singular-
ity (∼ 106−8M⊙) and the high rate of the accretion
disc (up to the Eddington limit). To date, it is not
yet clear if these – as well as other peculiar observa-
tional characteristics – are the symptoms of a central
engine intrinsically different from the other Seyferts
or NLS1s are just the low black hole mass tail of the
Seyfert distribution1.
As the other Seyferts, NLS1s are generally radio
quiet, but ∼ 7% of them exhibit a very compact ra-
dio core with high brightness temperature and flat or
even inverted spectrum, hints of the presence of a rel-
ativistic jet [2, 22, 29]. These hints were strengthened
by the detection in 1H 0323+342 (z = 0.061) of a
hard tail in the X-ray spectrum extending to hard X-
rays and emerging during periods of high optical/UV
fluxes [15]. An early attempt to detect high-energy
γ rays from radio-loud NLS1s was performed in 2004
with the Whipple Cerenkov telescope [4], but without
1The state of the art of the researches in this
field can be found in the proceedings of the work-
shop Narrow-Line Seyfert 1 Galaxies and Their
Place in the Universe, Milano, Italy, 4-6 April 2011:
http://pos.sissa.it/cgi-bin/reader/conf.cgi?confid=126)
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success.
The definitive confirmation of the presence of pow-
erful relativistic jets in NLS1s came with the Large
Area Telescope (LAT) onboard the Fermi satellite.
After a few months of operations, LAT observed
highly significant (17σ) emission of GeV photons from
the NLS1 PMN J0948+0022 (z = 0.5846) [5, 10],
which in turn was already known as strong radio-loud
NLS1 [29].
Soon after the early association of the γ-ray source
with PMN J0948+0022, made on a probabilistic ba-
sis, we started a multiwavelength campaign, which
was performed between the end of 2009 March and
the beginning of 2009 July [6]. The source dis-
played some activity at γ rays with a peak of ∼
4×10−7 ph cm−2 s−1 (0.1−100 GeV) measured in one
day on 2009 April 1. Then, the drop in the γ-ray emis-
sion was followed by a decrease of X-rays-to-optical
flux and an increase of the radio flux after about less
than two months. Particularly, Swift/UVOT recorded
a significant change in the spectral slope of the op-
tical emission during the decrease of the continuum.
The observed coordinated broad-band variability con-
firmed that:
(a) the γ-ray source discovered by Fermi/LAT is as-
sociated with the NLS1 PMN J0948+0022;
(b) the continuum of the γ-NLS1 is dominated by
the emission of a powerful relativistic jet viewed
at small angles.
Later, the observation of optical (V) polarization
at 19% level with the KANATA telescope confirmed
once more the above inferences [24].
Other NLS1s have been detected in the GeV energy
range by Fermi [7, 12], thus indicating that a new
class of γ-ray emitting AGN is emerging. One of the
most important consequences of this discovery in our
knowledge of relativistic jets is that it is now possible
to study an unexplored range of black hole masses
and accretion disc rates, which in turn is opening new
horizons in our understanding of jets at all scales (see
[12, 13, 14]).
It is important to continue the monitoring of these
sources in order to understand their nature and
to extend the sample of γ-ray emitting candidates.
Therefore, several monitoring programs were started
and are currently ongoing. Again in 2010 July,
PMN J0948+0022 exploded in an intense outburst at
γ rays, reaching a peak luminosity of ∼ 1048 erg/s
[8, 11]. The source was already under monitoring,
but the high activity at γ rays triggered more obser-
vations. Here we report about that campaign. Some
early results were presented in [16] and a complete
paper – where more details are available – has been
recently published [17].
2. FACILITIES INVOLVED
After the γ-ray detection, PMN J0948+0022 has
been monitored by some facilities and, therefore, it
was possible to reconstruct the multiwavelength be-
havior before and after the 2010 July outburst. There
were some problems after the end of June, because
the source position projected in the sky was appar-
ently very close to the Sun, making it difficult the
optical-to-X-ray observations. Anyway, we succeeded
to collect sufficient data to do some important infer-
ences on the nature of this source.
The data gathered to study the 2010 July outburst
were from:
• Fermi/LAT, 0.1 − 100 GeV energy band; the
satellites continuously scans the γ ray sky every
two orbits (three hours).
• Swift, with its X-ray Telescope (XRT) operat-
ing in the 0.3− 10 keV energy band and its Ul-
traViolet Optical Telescope (UVOT), equipped
with the filters V, B, U, UVW1, UVM2, and
UVW2. Only one short snapshot was possible
and it was performed on 2010 July 3 (ObsID
00038394002), in the framework of the project
Swift/XRT Monitoring of Fermi/LAT sources
of interest2 at the Penn State University. The
exposure on XRT was ∼ 1.6 ks and the data
from all the six UVOT filters were available.
• Optical data in the R filter were taken with the
Automatic Telescope for Optical Monitoring for
HESS (ATOM), located in Namibia.
• Multifrequency radio observations (2− 43 GHz,
Fig. 2) were performed with the single-dish
100 m radiotelescope of Effelsberg (F-Gamma
program3, [19, 20]). PMN J0948+0022 is con-
tinuously monitored on monthly basis since the
discovery of GeV emission with Fermi.
• Multifrequency radio observations (5− 22 GHz)
were performed in the period 2010 August 13-26
by using the RATAN-600 telescope [23].
• Radio observations at 15 GHz are continuously
performed with the Owens Valley Radio Obser-
vatory (OVRO) within a program of monitoring
of Fermi sources [28].
• VLBA high-resolution (∼ mas scale) radio ob-
servations at 15 GHz within the MOJAVE
Project4 [25]. The source is monitored since the
discovery of γ rays.
2http://www.swift.psu.edu/monitoring/
3http://www.mpifr-bonn.mpg.de/div/vlbi/fgamma/fgamma.html
4http://www.physics.purdue.edu/astro/MOJAVE/index.html
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Figure 1: (a) Fermi/LAT light curve of PMN J0948+0022 in the 0.1− 100 GeV energy band with one-month time bin
before of 2010 June 30 (MJD 55377) and 3-days time bin after that date. Upper limits (red arrows) are at 2σ level. (b)
ATOM R filter observed magnitude. (c) Radio flux at 10.45 GHz as observed from Effelsberg 100 m radiotelescope
(F-Gamma program, see also Fig. 2). (d) Radio spectral index (Fν ∝ ν
−α) between 5 and 10 GHz. The flux and
spectral index at MJD 55424 (2010 August 16) is the average of the observations performed between 2010 August 13
and 29 with the RATAN-600 radio telescope at 11 GHz.
3. DISCUSSION
Figure 1 displays four panels containing light curves
at different frequencies, from radio to γ rays. As in
the 2009 campaign, the coordinated broad-band vari-
ability was dominated by the relativistic jet radiation.
It is possible to note that as the γ ray emission
became detectable (although with one month integra-
tion of data) about two months before the burst, there
was an increase of the optical and radio flux, together
with an inversion of the radio spectral index (see Fig. 1
and 2). It is worth adding that VLBA osbervations
indicated a ∼ 90◦ swing in the electric vector posi-
tion angle (EVPA) at some time between 2009 July
23 and 2009 December 10 (see Fig. 5 in [17]). A simi-
lar behavior has been already observed in high power
eConf C110509
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Figure 2: Multifrequency light curves from Effelsberg
100 m radiotelescope (F-Gamma program). The different
symbols indicate the measurements at different
frequencies: red triangles, 2.64 GHz; green squares,
4.85 GHz; blue circles, 8.35 GHz; orange stars,
10.45 GHz. The reference time (MJD 55377) is 2010
June 30.
blazars, such as PKS 1502+106 (z = 1.839) [9]. Per-
haps, it is an indication of some arrangement of the
jet structure to favor the radiative dissipation of the
kinetic energy.
Another interesting feature observed during this
outburst was the hardening of the γ ray spectrum [17].
The photon index Γ before and after the outburst was
quite steep ∼ 2.7, as expected from relativistic jets
powered by external Compton (EC) processes. The
EC needs of a nearby environment rich of photons,
which in turn has the drawback to enhance the pair
production probability and cutting the very high en-
ergy emission. At the peak of the emission, the γ-ray
spectrum was harder, with Γ ∼ 2.5.
A reanalysis of the LAT data with the most
recent software (LAT Science Tools 9.23.1),
Instrument Response Function (P7SOURCE V6),
and background files (iso p7v6source.txt and
gal 2yearp7v6 v0.fits), confirmed the hard spec-
trum, although not the change in the slope. In
2010 June (30 days of data), before the burst,
the 0.1 − 100 GeV flux and photon index Γ were
(1.6± 0.3)× 10−7 ph cm−2 s−1 and 2.5± 0.1, respec-
tively. During the day of the burst (2010 July 8), the
flux reached the value of (1.3±0.3)×10−6 ph cm−2 s−1
with a photon index 2.4 ± 0.2. The measurements
done after the burst, by integrating data in the period
August 1 - September 15 (45 days of data), resulted
in the values of flux (1.5 ± 0.2) × 10−7 ph cm−2 s−1
and photon index 2.4± 0.1. What is important is the
confirmation of the hardness of the spectrum, which
can have important consequences on the possibility
to detect these sources at even greater energies with
ground-based Cherenkov telescopes (e.g. Cherenkov
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Figure 3: γ-ray spectra during the outburst of
PMN J0948+0022 and perspectives of detection with
CTA. The sensivity of CTA is plotted with grey dashed
lines (with 0.5, 5, and 50 hours of exposure, from [1]).
The detection at the peak (2010 July 8) is indicated with
blue continuous lines. The red dot-dashed lines refer to
the spectrum measured in 2010 June and in the period
August 1 and September 15, which are basically similar.
Telescope Array – CTA – [1], see Fig. 3). Obviously,
this depends on the possibility to have a spectral
break at tens of GeV, but, if it is confirmed the simi-
larity of behavior of γ-NLS1s with flat-spectrum radio
quasars, it is reasonable to expect the occurrence of
events like the case of PKS B1222+216, detected at
hundreds of GeV during a strong outburst [18].
More interesting inferences can be derived by com-
paring the spectral energy distribution (SED) of
PMN J0948+0022 with that of the archetypical blazar
PKS 1226+023 (a.k.a. 3C 273, Fig. 4). The radio-to-
X-rays SEDs can be matched by multiplying the lumi-
nosities of PMN J0948+0022 by a factor ∼ 6, which in
turn corresponds to the difference in mass of the two
central black holes: ∼ 1.5×108M⊙ for the γ-NLS1 and
∼ 8× 108M⊙ for the blazar. This rescaling, however,
increases the separation at γ rays, with the γ-NLS1
having the greatest power. This gap can be explained
by a difference of the viewing angles, being that of
PMN J0948+0022 smaller than that of 3C 273.
Later works supported these findings. The scaling
in mass is justified by the fact that both sources have
discs with high accretion rates (→ radiation-pressure
dominated) and hence the scaling of the Blandford-
Znajek power is dependent only on the mass of the
central black hole [21, 26]. The presence of two
regimes (radiation- and gas-pressure dominated) is ev-
ident in the distribution of the jet power as a func-
tion of the accretion rate (see Fig. 3 of [13]) and both
high-power blazars and γ-NLS1s occupy the region of
sources with radiation-pressure dominated discs.
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Figure 4: Comparison of the SED of PMN J0948+0022
(red points) and PKS 1226+023 (a.k.a. 3C 273) in grey.
Adapted from [17].
4. FINAL REMARKS
The 2010 July outburst of the γ-ray NLS1
PMN J0948+0022 showed once more the importance
of multiwavelength campaigns in the understanding of
sources with powerful relativistic jets. In this specific
case, we noted:
(a) another similarity of the relativistic jet in
PMN J0948+0022 with those in blazars: the
swing of the EVPA at radio frequencies before
the outburst;
(b) the extreme efficiency of the jet power with re-
spect to the mass of the central black hole (γ-
NLS1s are small, but nasty).
(c) the hardness of the γ-ray spectrum together
with high flux during the outburst opens the
possibility of a detection at hundreds of GeV
with Cerenkov telescopes, which in turn will
likely to be possible with future facilities, such
as – for example – CTA.
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